In order to accurately describe and predict the intensity of the typhoon storm surge, the paper builds up Poisson-Maximum Entropy Compound Extreme Value Distribution model, and estimates the return period of typhoon storm surge on the basis of observed samples from main storm surge processes in a certain observation station of QingDao from 1963 to 1989. The conclusion verified that the calculating result of new model is similar to other models, but it is relatively stable and can overcome the shortcomings of the traditional methods in the situation of lack of observed material.
Put forward the question
Typhoon Storm Surge refers to the phenomenon of abnormal rise and fall of surface caused by intense weather system such as tropic cyclone, temperate zone cyclone, the strong wind affecting of cold front and the radical change of air pressure. It is also called Strom Surge or Weather Tsunami. Typhoon storm surge is a huge ocean disaster phenomenon. Accompanying with gale and billow, storm surge can make surface hoik in a short time, ruin seawalls, devour docks and factories, flood farms and buildings and destroy vessels, so that materials can't be moved , people and livestock can't survive ,consequently it results in a great disaster. Once storm surge encounters astronomical tide, because of superposing their high tide, the tide will rise sharply, simultaneously as more intense storm surge and high tide superpose, it must result in greater disaster. From March 3, 2007 to wee hours of March 5.2007 , affected by the strong cold air in the north and the cyclone in the Yellow Sea, the strong extratropical storm surge occurred in Bohai Bay. The direct economic loss of marine disasters of LiaoNing, HebBei, and ShanDong Province summed to 4,065 billion. There were 4 tide stations where coastal water level uplift exceeded 100 cm, and the highest was 202cm which occurred in Yangjiaogou tide station in Laizhou Bay; The water levels in Yangjiaogou tide station, Longkou tide station and Yantai tide station were over local alert tide, among these, the water level in Yantai tide station was more 49cm than the local alert tide. In Shandong Province, 7 persons were killed, raft-cultures of more than 6700 hectares were damaged, shrimp ponds and fish ponds of more than 2000 hectares were washed away, breakwater of 10 km collapsed, 1900 vessels were destroyed, all in all, the direct economic loss of marine disaster amounted to 2.1 billion.
With the weather warming and sea-level rising, the storm surge disaster has occurred more frequently in coastal regions of China in recent years (see Figure 1) . According to the statistics of the State Oceanic Administration, China annual direct economic losses caused by marine disasters such as the storm surge, storm waves, severe sea ice, sea fog and strong wind at sea rose from more than 2 billion to more than 8 billion, and about 500 people were killed. Of all economic losses, storm surge nearby the coast damaged most severely. Storm surge disaster has become the greatest marine disaster in China.
To further improve the moisture-resistance and disaster reduction of the marine, and reduce the losses caused by disasters, it is necessary to accurately describe the intensity of storm and the size of the disaster and find the way of forecasting, in the hope of helping the authorities deploy the kinds of losses as far as possible. Therefore, the research for the storm surge disaster classification to identify is important and urgent.
At present, the existing classification of the storm surge intensity are the following: 1. Based on the level of the setup of water accompanying with storm surges (Gan, Yuming. 1991.) , this standard counts water level uplift of storm surge as the first hazard factor of storm surge. 2. Synthesizing the intensity of water level uplift of the storm surge, we know that storm surge is not an isolated occurrence, which takes effect together with astronomical tide in the coastal areas. Floods, runoff and other factors also play a part in the estuary area. They codetermine the actual water level or water level uplift. This method refers the water level uplift caused by various factors above mentioned as the standard for classification; 3. Based on the highest tide of the storm surge, mainly according to the difference between the local alert tide and forecasting value of the highest tide in the course of typhoon. That is, if the highest tide reaches or surpasses the alert tide, we believe that the storm surge disaster will occur and then release storm surge disaster forecasting; otherwise, we believe no storm surge disaster (Li, Peiwei. 1996.) . 4. classifying the intensity of storm surge based on combined tide and waves (Dong, Sheng, Yu, Haijing & Hao, Xiaoli. 2005 .) Dongsheng and others promoted compound extreme value with a single variable, considered the occurrence of typhoon, built a compound extreme value distribution model with two-dimensional, and discussed the return period of storm surge according to the water level of storm surge and the significant height of wave; 5. Classifying disaster grade based on the degree of disasters. This method is based on disaster losses such as: the number of death and economic losses, and then establish the disaster grade.
According to the above classification, we find that the methods which calculate the return tide and storm surge of many years are all based on Pearson model, Gumbel model and so on. But as the numerical model used is apriority, so its own accuracy is not good. On the basis of these models, the early warning to storm surge disaster will be inevitably different from the real situation.
In view of the above, this paper gives a compound extreme value distribution consisting of Poisson distribution and the maximum entropy distribution. Through statistically calculating return period of storm surge based on the samples of maximum wave height in an observation post from 1987 to 1963, and comparing to the results got from other methods, we can see that the result from this paper is similar to others, but more stable under the condition of short observed time. At the same time, this method can solve the problems existing in other methods, and because of the nature of maximum entropy function, it can overcome the shortcomings of the other traditional models. Then comparing with the existing materials of marine disasters, this paper puts forward the standard of classifying the intensity grade of the storm surge hazard, and refers it as the criterion of the disaster degree of the future storm surge. This model will be very valuable for the socio-economic risk assessment of storm surge.
Theory of Poisson-Maximum Entropy Compound Extreme Value Distribution
Theorem: Let , be random vectors. Their distribution function are ) (x G , ) (x Q respectively. Let i be the i-th observed value of and n be a random variable which is independent of , and nonnegative integer. The distribution function of n is
Define random vector And then the distribution function of is
The proof is as follows:
Therefore theorem is proved.
Then we can see
is not only compound extreme distribution consisted of the distribution n and the distribution of mentioned above, but also decided entirely by and .
In actual application, the primary problem is solving Equation (5) when 
In formula (8) G(x) can be any type of univariate continuous distribution.
Application
First of all, we compare the results of Gumbel distribution and the maximum entropy distribution fitting extremum wave height with the histogram respectively ( Figure 2 ).We can see from the comparison, that the difference between Gumbel distribution and the histogram is larger when the extremum wave height is greater, while the maximum entropy distribution is better no matter when the extremum wave height is greater or smaller. Obviously, the maximum entropy is more applicable.
In the past, the calculation of return period was based on distribution function such as Pearson , Gumbel distribution function. So it inevitably was apriori and also had some subjective factors as a result of a variety of other reasons. In this paper, the maximum entropy function manages to avoid the problems above. The maximum entropy theory is following:
Theory of maximum entropy: Let X is continuous random variable. H X (natural unit) is the information entropy of X and is defined as
In this formula, f(x) is the probability density function of X . From information theory, we know H(X) is the disordered measure of X , that is people measure X with ignorance. Accordingly, Jaynes put forward the theory of maximum entropy .In 1975, Ulry and Thomas applied the maximum entropy theory to the spectroscopy analysis of wave, and in his article he narrated: we use a designed probability density function to describe the given information, but to maintain the (6) greatest ignorance for the unknown information. Consequently this function must possess the maximum entropy. 
In formula (11), , , , can be got from the following equations: Under the condition of the storm surge disaster occurred, this paper sums up the past researches on return period and early-warning method of storm surge, then gives a series of ) 1 0 ( R R value .we can get R x from formula(6) and formula(11). R x is the return value of T years.
In the formula (11), is the annual average of the times of typhoon affecting this sea region, that is, 82 3.1538 26 the total times of typhoon affecting sea region the total years Formula(11) has four parameters , , , , and from formula (12)and formula(13) ,we can see these parameters only relate to the original state ,so this method can fit the observed samples more acutely and perfectly. In addition, this function has simple form and has parameters which can be calculated from the observed samples easily, thereby it is more applicable.
In order to test the quality of Possion-the maximum entropy compound extreme value distribution, we take the course of the typhoon hazard occurring in Qingdao since 1963 for example. We use a designed return period to calculate the extreme wave height of storm surge and compare with Possion-Gumbel compound extreme value distribution (Table 1 ). The table shows that, when the samples observed is less, the results of Possion-maximum entropy compound extreme value distribution model are still very stable.
For 26 years' (1963~1989) samples of main extremum wave height in a observation station of QingDao ,we give the grade classification (Table 2 ) of storm surge disasters intensity, according to the formula (11) that is the size of the return period of extremum wave height of Poisson-maximum entropy compound extreme value model.
We have selected the samples from some storm surge disasters in QingDao to calculate the return period and the results are in Table 3 .From the following table, we can see that the calculation of the intensity grade of the storm surge is basically consistent with the actual situation. It should be noted that due to other factors, the calculation of typhoon No. 9216 has great difference with the actual situation (the result is serious disaster while the actual situation is very serious disaster and is the return situation of a hundred years).
Conclusion
This paper builds up a model of Possion-maximum entropy compound extreme value distribution and then applys it to the classification of typhoon surge intensity .From the above argument, we can see:
(1) The model of Possion-maximum entropy compound extreme value distribution is based on the theory of maximum entropy and the concrete form of maximum entropy probability function entirely determined by parameters not artificial factors, so this model can overcome the shortcomings of other traditional methods and more accurately reflect the relation between extremum wave height and disasters.
(2) This paper statically analyses the extremum wave height in the course of main storm surge in QingDao area since 1963.From the example despite the short observed time, the result is still stable. So this model is more applicable in coastland where samples are relatively shorter than other areas.
(3) In order to further improve the assessment model and the accuracy of assessing disasters. It is necessary to deeply and quantitatively analyse and research the relation between disaster and other random factors affecting disasters such as the regional economic situation, the conditions of disaster prevention and disaster resist, and the land feature and landform of disaster areas. Table 2 . storm surge intensity grade 
